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I n t r o d u c t i o n  
The o b j e c t i v e  o f  t h i s  study was t o  t e s t  f o r  genet ic  homogeneity 
among severa l  discontinuous orchard p ine vo le populat ions, p a r t i c u l a r l y  
between those t h a t  had been t rea ted  w i t h  endr in  and those t h a t  had not .  
Endr in- res i  s t a n t  p ine  vo le  s t r a i n s  have been documented (Webb and Hors- 
f a l l  1967; Webb e t  a l .  1973), bu t  have n o t  been character ized genet ica l -  
l y .  P r a c t i c a l l y ,  t h i s  study was designed t o  determine i f  genet ic  d i f -  
ferences e x i s t e d  among endr in- t reated and nontreated orchard populat ions 
over two seasons o f  t h e  year, by examining a few s p e c i f i c  gene l o c i  be- 
l i e v e d  t o  be invo lved  i n  endr in  metabolism i n  small mamnals. 
M a t e r i a l s  and Methods 
A represen ta t i ve  sample o f  p ine voles from each o f  3 endr in - t rea ted  
and 3 nontreated apple orchards i n  southwestern V i r g i n i a  was trapped 
dur ing  F a l l  1980 and again i n  2 orchards o f  each type dur ing e a r l y  
Spring 1981. The same animals which had been subjected t o  and had sur-  
v i ved  the  endr in  treatments app l ied  between sampling per iods thus should 
have been captured i n  the  Spring. A l l  t rea ted  orchards had been sprayed 
annual ly  w i t h  e n d r i n  f o r  the past  15 years, and the  nontreated orchards 
had n o t  received t reatment  f o r  t h i s  same amount o f  time. Since the  an i -  
mals were t o  be removed (a form o f  a r t i f i c i a l  se lec t ion ) ,  on ly  one sec- 
t i o n  o f  an orchard was trapped a t  e i t h e r  sampling period, leav ing  a 
b u f f e r  zone o f  a t  l e a s t  th ree  rows o f  t rees  between the F a l l -  and 
Spring-trapped sect ions.  Traps were re loca ted  on the  second o r  t h i r d  
day o f  t rapp ing  so t h a t  even tua l l y  every t r e e  w i t h  v o l e  s i g n  i n  the  
designated sec t ion  was trapped. Carcasses were placed on d r y  i c e  i n  the  
f i e l d  and then s to red  i n  the  labora to ry  a t  about -20C. 
Seven enzyme systems were surveyed i n  each orchard popu la t ion  f o r  
poss ib le  use as polymorphic genet ic  markers us ing hor i zon ta l  starch-gel 
e lec t rophores is .  Changes i n  a c t i v i t y  l e v e l s  o f  f i v e  o f  these systems 
had been repor ted  t o  occur a f t e r  endr in  i n j e c t i o n  i n  small mammals 
(Kacew and Singhal 1973; Ludwicki 1974; Hendrickson and Bowden 1976; 
Meena e t  a l .  1978): AcP ( a c i d  phosphatase), 6 - GUS ( 6 -glucuronidase), 
FDP ( f ruc tose-1  , 6-diphosphatase), GOT ( g l  utamate oxaloacetate transa- 
minase), and LDH ( l a c t a t e  dehydrogenase). I n  add i t i on ,  two o ther  a r b i -  
t r a r i l y  chosen systems were surveyed: IDH ( i s o c i t r a t e  dehydrogenase) 
and MDH (malate dehydrogenase). I t was necessar i l y  assumed t h a t  none o f  
the  l o c i  observed in f luenced  the  p r o b a b i l i t y  an animal was captured. 
Kidney t i s s u e  was used i n  e lect rophores is  o f  the above enzyme sys- 
tems. The t i ssues  were homogeneized, centr i fuged,  and app l ied  t o  f i l t e r  
paper wicks t h a t  were i n s e r t e d  i n t o  a 12.5%-starch gel .  A t  a l l  stages 
o f  preparat ion, carcasses, excised kidneys, homogenates, sample wicks, 
and prepared ge ls  were k e p t  frozen, r e f r i g e r a t e d ,  o r  on i c e  t o  prevent 
enzyme degradation. Recipes f o r  e lec t rophore t i c  b u f f e r s  and histochem- 
i c a l  s t a i n s  were modi f ied Har r i s  and Hopkinson (1976) formulat ions r e -  
por ted by Guse (1980 and pers. comm.). A f t e r  e lect rophores is ,  ge ls  were 
s ta ined  f o r  the des i red enzymes and bandingpat ternswere immediately 
scored by genotype. 
Results and Discussion 
AcP, B -Gus, FDP, GOT-1, and MDH-1 were found t o  be monomorphic i n  
a l l  the p ine v o l e  populat ions studied. GOT-2, IDH-1, LDH-1, and MDH-2 
were found t o  be polymorphic and were used t o  e l e c t r o p h o r e t i c a l l y  char- 
a c t e r i z e  each i n d i v i d u a l  sampled (McBride 1981). For the f o u r  polymor- 
ph ic  l o c i  i n  each orchard populat ion, x 2 independence t e s t s  o f  genotype 
frequency and sex were performed. IDH-1 and MDH-2 genotypes were found 
t o  be sex-dependent (a=0.05). These sex dependencies occurred i n  d i f -  
f e r e n t  sprayed orchards f o r  the two l o c i  a t  both seasons, and f o r  IDH-1 
a l s o  i n  a nonsprayed orchard i n  the  F a l l .  Greater numbers of heterozy- 
gous females than those expected (and a concomitant lesser  number o f  
heterozygous males) occurred i n  the sprayed orchards f o r  IDH-1 and 
MDH-2, whereas the opposi te  occurred f o r  IDH-1 i n  the F a l l  nonsprayed 
orchard. 
Three-way independence t e s t s  o f  orchard, season, and genotype f r e -  
quency conducted fo r  each polymorphic locus by the G l o g - l i k e l i h o o d  
r a t i o  t e s t  demonstrated t h a t  genet ic  s t r u c t u r e  a t  the f o u r  l o c i  d i f -  
fe red  among orchards, as expected, s ince these discontinuous populat ions 
have v i r t u a l l y  no con tac t  w i t h  each o ther .  Orchard, season and genotype 
frequency were j o i n t l y  dependent va r iab les  w i t h  s i g n i f i c a n t  i n t e r a c t i o n s  
( a 4 . 0 5 )  a t  a1 1 f o u r  polymorphic l o c i .  Di f ferences i n  genotype frequen- 
c i e s  were s i g i f i c a n t  due t o  orchard type (endr in - t rea ted  o r  nontreated) 
on ly  a t  the  IDH-1 and LDH-1 l o c i ,  w i t h  heterozygotes comprising greater  
p ropor t ions  o f  t h e  populat ions i n  nontreated orchards f o r  IDH-1 and i n  
t r e a t e d  orchards f o r  LDH-1. 
Mean i n d i v i d u a l  heterozygosi ty  (mean number o f  heterozygous l o c i  
per i n d i v i d u a l )  decreased s l i g h t l y  from F a l l  t o  Spring i n  3 o f  the 4 
orchards t h a t  were sampled both seasons, b u t  increased s l i g h t l y  i n  one 
orchard t h a t  had been t r e a t e d  w i t h  chlorophacinone (Rozol) as we l l  as 
endr in .  Greater heterozygosi t ies d i d  n o t  occur c o n s i s t e n t l y  i n  e i t h e r  
endrin-sprayed o r  nonsprayed orchards a t  e i t h e r  season, nor were sex 
d i f fe rences  cons is ten t  w i t h  respect  t o  orchard type o r  sampling time. 
Heterozygosi ty  averaged over the 4 orchards, however. was s l i g h t l y  
h igher  i n  nontreated orchards both seasons. The average a l s o  decreased 
from F a l l  t o  Spring i n  both sexes and i n  both orchard types. 
Heterozygosi ty  as a measure o f  i n h e r i t e d  v a r i a b i l i t y  i s  commonly 
used as an index t o  the adapt ive p o t e n t i a l  o f  a populat ion, since the 
more heterozygous i n d i v i d u a l s  are be l ieved  t o  have greater  capac i t i es  
t o  su rv ive  and change w i t h  t h e i r  enviroqment, thus successfu l ly  repro- 
ducing t h e i r  k i n d  (Selander e t  a l .  1371; Manlove e t  a l .  1975; Smith e t  
a l .  1975). The reduct ior is in  heterozygosi ty  t h a t  occurred i n  3 orchards 
may i n d i c a t e  the i n t e r m i t t e n t  random d r i f t  e f f e c t s  t h a t  can r e s u l t  from 
severe l o c a l  o r  p e r i o d i c  reduct ions i n  populat ion dens i t y  (Wilson and 
Bossert 1971), such as pes t i c ide  use and adverse w in te r  weather condi- 
t i o n s .  The unique increase i n  heterozygosi ty  t h a t  occurred i n  the one 
orchard t r e a t e d  w i t h  chlorophacinone as we l l  as endrin, however, may 
suggest the g rea te r  a d a p t a b i l i t y  and s e l e c t i v e  advantage o f  the more 
heterozygous animals, s ince presumably voles t h a t  surv ived both morta l -  
i t y  f a c t o r s  would be more heterozygous than those fac ing  j u s t  one. 
A l t e r n a t i v e l y ,  t h i s  one increase i n  heterozygosi ty  may have been a ran-  
dom occurrence. 
Summary and Conclusions 
The presence o f  known, d i f f e r i n g  sources o f  m o r t a l i t y  i n  the endr in-  
t r e a t e d  and nontreated orchards o f  t h i s  study provided a p re l im inary  
basel ine fur meaningful comparisons o f  populat ion genetic ind ices .  
Si:nce popu la t ion  genet ic  composition a t  the l o c i  observed d i d  no t  vary 
apprec iab ly  o r  c o n s i s t e n t l y  w i t h  respect  t o  endr in  treatment, no con- 
c lus ions  can be s t a t e d  as t o  the genet ic  consequences o f  endrin-induced 
m o r t a l i t y  i n  w i l d  p ine vo le populat ions. Populat ion genet ic  s t r u c t u r e  
d i d  seem t o  vary somewhat from F a l l  t o  Spring among orchards, regardless 
o f  p e s t i c i d e  use. Therefore, the  orchard environment, w i t h  i t s  p r e d i c t -  
ab le  source o f  chemical-induced m o r t a l i t y ,  provides an exce l len t  natur-  
a l  s i t u a t i o n  f o r  f u r t h e r  genet ic  observat ions. 
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